Purpose-The ports, which are a gateway to international trade, directly affects the country's economy, so their efficiency has vital role for all countries. With the scarce resources, effective usage of inputs become important. Input factors like terminal area or number of docks are hard to improve or if possible are very cost-oriented. Therefore, using this limited factors to their maximum capacity becomes one of the main problem in port management.
INTRODUCTION
Nowadays, negativeness of globalization began to discussed as well as its benefits, but it can be still described as an important factor for world economy. Economic growth's lowest levels are observed after the economic crisis in 2016 (Berksoy, 2016) . Expectations for 2017 are more optimistic and 2.7% economic growth was predicted by the World Bank (The World Bank, 2017) . Economic stagnation and crises can sometimes lead to be a warning to companies to review their processes and reduce their wastes. The firms which are able to use this situation for their benefit and strengthen their infrastructure could make use of economic distress as an advantage. A firm which uses airline for their goods transport instead of well-conceived transport plans, could need cut down expenses during economic distress and could benefit from it such as preferring maritime transport with better coordinated planning. If it is asked why maritime transport, answer is quite simple: it costs twenty times less than airline transport, seven times less than road transportation, and three times less than railway transport (MÜSİAD, 2015) . In addition to its cost benefits, it must be remembered that the environmental concerns should be taken into consideration. Today, it is even observed that firms could bear higher costs to invest sustainable systems. According to International Maritime Organization (IMO) 2.2% of total carbon emission is produced by maritime transport and their aim is to halve carbon emission by 2050 (MÜSİAD, 2015) .
With the effect of these advantages 75-80% of the world trade is carried with maritime transport (UTİKAD, 2016) (Koçak, 2012) . But the real development that everyone can accept as a revolution in maritime transport is the usage of containers. Containers that have not even been heard before 1960 have now become an important part of maritime trade (Reefke, 2010) . If they had not begun to be used, the world would not be "as productive" (Lewis, 2013) . From 1968 to today, the daily size of container ships grew by about 1200% (World Shipping Council, 2016) . It is thought that this increase is mainly due to the increase in demand and the benefit of economies of scale.
At the management of the increasing demand of container transport important tasks wait for ports where a vital node for maritime transport is. In the following sections, first the methods used to measure the activity at the ports will be examined and it is followed by data envelope analysis (DEA) method and the container port based performance comparison of the provincial port authorities.
LITERATURE REVIEW
The concepts of efficiency and productivity, in some cases can lead to the ambiguity for researchers because of their similarity. Productivity is often defined as a ratio between the volume of the output and the input. The more outputs can be generated with inputs, the more efficient it is.
On the other way, the effectiveness is all about the outputs and tries to answer how much the economic goals are achieved. The relationship between these two concepts is whereas fully effective use of resources means productivity (Suiçmez, 2014) . Dowd and Leschine (1990) summarized the factors that affect productivity and productivity elements in container ports. Accordingly, the elements of terminal operations are introduced and the factors affecting their efficiency are explained (Table 1) . Dowd & Leshine, 1990 Efficiency measurement methods are divided into parametric and nonparametric methods. Parametric methods: stochastic frontier analysis, distribution free analysis, and thick frontier approach. Non parametric methods are free disposal hull and data envelopment approaches (Çağlar & Oral, 2011) .
A bibliometric study on the transport is done by Cavaignac and Petiot (2016) . This study is based on this literature. They have summarized data envelopment at seaport studies based on most cited articles. The study by Tongzon (2001) is the most cited one. In this study constant returns to scale was used. Inputs were selected as number of cranes, number of docks for container shipment, number of trailers, waiting time and number of staff. Handled container on the basis of Twenty-foot Equivalent Unit (TEU) and operating time were selected as output. At the second study again constant returns to scale was used this time by Roll and Haynuth (1993) . In Roll and Haynuth (1993) , constant return to scale approach is used with inputs as number of staff, capital and type of load whereas amount of load, number of ships, customer satisfaction and service level as outputs. Culliane et al. (2006) compares stochastic frontier approach and DEA to measure the technical efficiency of container ports. They used terminal length and area, number of quayside gantry, number of yard gantry and number of straddle carrier as inputs and container throughput for the output. Martinez-Budria et al. (1999) used variable return to scale approach in DEA. Labor expenditures, depreciation charges and other expenditures for input whereas total cargo moved through the docks and revenue are used for the outputs of the model. Culliane et al. (2004) included their study quay length, terminal area, number of deck, number of quay gantry cranes, and the number of straddle carriers as inputs and throughput (TEU) as output. Barros and Athanassiou (2004) used DEA to measure effectiveness of Greek and Portuguese ports. In this study both constant return to scale (CRS) and variable return scale (VRS) are used. Number of work force and capital are used as inputs and total handled load as TEU and number of ships are used as outputs. The next study on the list is studied by Turner et al. (2004) . In this study North American ports effectiveness is measured at 1984-1997. Single output is used which is total load based on TEU and quay length, terminal area and number of crane are the inputs. Valentine and Gray (2001) are used constant return to scale DEA based on total quay length and container quay length as inputs and TEU based handled container and ton based total amount of load as outputs. The following study is done by Cullinane, Song and Wang (2005) with both DEA and free disposal hull. Quay length, terminal area, the number of cranes on the berth and on the terminal, the number of gantry cranes and the number of containers handled on a TEU basis are the data at the study. The las study on the list is done by Park and De (2004) with both VRS and CRS. Berth capacity and ton based load capacity are inputs total ton based load, number of vessels, and customer satisfaction are outputs.
3.DATA ENVELOPMENT ANALYSIS
Data Envelopment Analysis (DEA) is a non-parametric method based on linear programming approach that calculates the relative efficiency of multiple decision-making units (DMU). Main advantage of non-parametric methods is it can handle multiple inputs and outputs. In general DEA models can be classified as input oriented and output oriented. Input-oriented model focuses on the minimization of inputs and calculates the degree to which each DMU can reduce the quantities of utilized inputs with fixed outputs.
On the other hand, the output-oriented model calculates efficiency as the percentage increase in outputs that is feasible by a given available quantity of inputs. This decision should base on the nature of the application. If the decision makers control on the inputs are relatively small or even non exist then output-oriented models can be used; whereas if one cannot control the outputs then input-oriented models should be used (Özden, 2008; Tosun & Aktan, 2010) . (Özden, 2008) .
The basic DEA model developed by Charnes, Cooper and Rhodes (CCR) has the assumption of constant returns to scale (CRS) for inputs and outputs. In this model, when the inputs have changed the outputs must change with the same ration. Banker, Charnes and Cooper developed the BCC model which take into the variable returns to scale (VRS). In VRS, model evaluates the increasing, constant or decreasing returns to scale would affect the DMU efficiency (Tektüfekçi, 2010; Taşköprü & Erpolat, 2016; Mostafa, 2009 ).
FINDINGS AND DISCUSSIONS
Different studies used different inputs and outputs to measure the port efficiency, which can be seen in literature survey and Table  1 . Right variables must be selected to ensure the appropriateness of the study. In this study terminal area, number of docks and maximum handling capacity (year/TEU) for inputs; yearly container throughput for the output. Data is obtained through each harbors' web page or their managers. All the data is based on 2016 statistics. Trabzonport harbor cannot be reached in the data gathering process, therefore it's omitted in the study.
In DEA, necessity condition is there should be adequate DMUs. Although different opinions can be seen in literature, Vassiloplu and Giokas (1990) suggested that at least three times of the sum of inputs and outputs should be used in an application. In this study 12 DMUs are used, therefore. In Table 2 the data as inputs and output is given in summary based on port authorities in other words as decision making units (DMU). In table 3 detailed data is shared to show inputs of ports by one by one before we get the port authority sum. WinDEAP program is used for the analysis. The inputs used in the harbors are mostly high value equipment or instruments, so it's nearly impossible to change the amount of them. For this reason, output-oriented model is selected. Also to analyze the effects of the scale economics, variable return to scale approach is used. Therefore, in the study harbor authority's relative efficiencies are measured. For each input variable, the sum of the individual harbors is used for the input of the corresponding harbor authority. In table 4 summary statistics of inputs and output is listed, where minimum and maximum, average and standard deviation of data set is shown. In table 5 it can be seen that Ambarlı, İzmir and Mersin harbors are fully efficient in constant return to scale, whereas Aliağa, Ambarlı, Antalya, Bandırma, İzmir, Mersin and Samsun harbors have full efficiency in variable return to scale. Scale efficiency is defined as the ratio of CRS to VRS. It is the expression of whether a DMU is operating at its optimal size. It's the indicator of the relation between economics of scale and efficiency (Behioğlu & Özcan, 2009) . With increase in the return to scale, an increase in scale of the DMU reflects the technical efficiency progress. On the other hand, if a DMU has decrease in the return to scale, decrease in its scale means technical efficiency increase. From 11 DMUs, Antalya, Ambarlı and İzmir are the most taken as reference. In Table 7 , the improvements for the non-efficient DMUs are given. Actual output, desired output for being fully efficient and the relative change is seen in the table. It's seen that İskenderun port authority is the least efficient among the 12 DMUs. They should have been handled 1.621.011 TEU with their inputs, which is 77% higher than their actual performance.
CONCLUSION
Although, it is very important to measure the efficiency, enlightening the inefficiency sources should also be important to effectively utilize the rare resources. Therefore, using DEA is a simple tool to measure the efficiency in port authorities as a managerial tool to evaluate their performance. Classification results can be used for the inefficient ports' managers for better using their resources, and in this way, these ports' are able to give better service to their customers. In addition, administrations can use these results to see whether the dedicated resources are used in proper ways. Perhaps the main limitation of this study is the selection of input and output variables. A comprehensive literature research is done for this purpose, but it should be known that selecting different variables can affect the efficiency scores of DMUs.
In recent years with the privatization of ports, ports activities, investments, and objectives has altered. Nowadays most ports open new quays and invest cranes to increase their capacity. Most probably 2017 input data would be higher than 2016's data. In this study port authority's efficiency in 2016 is compared by the analysis of data envelopment analysis. With respect to literature review determined inputs were terminal area, number of quays, maximum capacity of ports and the output was total container throughput. Results show that Ambarlı and İzmir port authority are the most efficient and the most referenced ones.
Future studies can compare the activities of oversea ports which are at similar geographical location like all ports at Aegean Sea. In addition to container throughput output, container turnover rate, customer satisfaction, and service level can be used as outputs to improve results as often mentioned in literature.
